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crofolUcular histological component, as detected 
by enzymatic In situ hybridization on frozen  sec­
tions. (Am J  Pathol 1995> 14 7:136-144)
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Polysomies o f  chromosomes 7 and 12 have been 
frequently observed by conventional cytogenetics 
in a subgroup o f thyroidfollicular adenomas and 
in some cases o f  thy raid goiters* To fu rth er study 
possible cytogenetic similarities between these 
two types o f  thyroid lesions y we have used fluo­
rescence in situ  hybridization (FISH) to detect 
polysomies o f  chromosomes 7 and/or 12 in iso­
lated nuclei f r o  m frozen  an d p  a raffin-emh edded  
material o f  goiters and thyroid follicular adeno­
mas and compared results with previous ones ob­
tained by jfotv cytometry and conventional cyto­
genetics. With a set o f  two cY-satellite DNA probes  
specific fo r  the centromeric regions o f  chromo­
somes 7 and 12, used either separately (single- 
target fluorescence in  s itu  hybridization) or si­
multaneously ( double-ta rget fluorescence in  situ 
hyb ridiza lion) ,  we detecle d  p  olj >s omies o f  chro - 
n/osonie 7 in 35.7% o f the thyroid follicular ad­
enomas and in 1(17% o f  the goiters, Polysomies o f  
chromosome 12 were detected in 296% o f  the thy- 
roid follicular adenomas and 6.7% o f  the goiters, 
Tb e significa ntly h igfo er freq i lency o f  adeno mas 
■with numerical alterations fo r  chromosomes 7 
and/or 12 supports the idea o f  a biological con- 
thiuum and karyotypic evolution between both le­
sions, It is also noteworthy that polysom ies o f  
chromosomes 7 and/or 12 were observed only in 
lesions with an exclusive (o r predominant) mi-
Thyroid adenomas are the most frequent benign neo­
plasms derived from the thyroid follicular epithelium.1 
Morphologically they vary from mainly macrofollicular 
to microfollicular subtypes.2 The few cytogenetic 
studies concerning thyroid adenomas have demon­
strated the presence of chromosome abnormalities in 
a variable proportion of cases.3-7 Recent data sug­
gest the existence of three cytogenetic subgroups of 
thyroid follicular adenomas: a hyperdiploid group 
characterized by the presence of a cluster of numeri­
cal changes, including +7, -1-12 as the most frequent 
anomalies and, to a lesser extent, +5; a pseudo- or 
near-diploid group with simple structural karyotypic 
aberrations, namely involving chromosome 19; and a 
cytogenetically normal group.7>a
Nodular goiters are hyperplastic lesions of the thy­
roid epithelium.2 In some cases the presence of nu­
merical anomalies similar to those found in adenomas 
has been reported.9,10 These findings have led 
Roque et al10 to suggest that, at least in these cases, 
there could be a biological continuum between goi­
ters and adenomas and that gain of chromosomes 
might play an important role in the pathogenesis of 
these two types of lesions.10
To further characterize the cytogenetics of these 
lesions, we performed single and double-target fluo-
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rescence In situ hybridization (FISH) on isolated nu­
clei from frozen and paraffin-embedded tissues using 
a set of probes specific for chromosomes 7 and 12. 
For further identification of the cell type in which 
abnormalities were present, enzymatic in situ hybrid­
ization (ISH) was performed on frozen sections, and 
results were compared with those obtained from 
single-cell suspensions of the same lesion.
Materials and Methods
Tissues and Cells
Thirty goiters and twenty-eight thyroid follicular ad­
enomas were obtained after hemi-thyroidectomy. Le­
sions were classified according to criteria stated by 
the World Health Organization,11
DNA Probes and Nonradioactive Labeling
The alphoid probes used are specific for the centromeric 
regions of chromosome 7 (p7t1)12 and chromosome 12 
(pa12H8).13 The probes were labeled with biotin- 
14-dATP (BRL, Gaithersburg, MD) or digoxigenin-11- 
dUTP (Boehringer Mannheim, Germany) by standard 
nick translation.1,1
Cell Processing for in Situ Hybridization
As the aim of this study was the detection of poly­
somies, which is not affected by the choice of control 
samples with a higher hybridization efficiency, we 
chose as control samples peripheral blood lympho­
cytes from healthy donors obtained after short-term 
culture by standard procedures.
Nuclei from 16 goilors and 21 thyroid follicular ad­
enomas were extracted from frozen material by me­
chanical disaggregation, These nuclei and control 
samples were protreated as described by Hopman et 
a l.1-' From 14 goiters and 7 thyroid follicular adeno­
mas, paraffin-embedded blocks were used to sepa­
rate free nuclei as frozen material was not available 
from these cases. Single-cell suspensions were ob­
tained from this material as described by Arnoldus et 
a l,n with some modifications, Briefly, 50-mm paraffin 
wax sections were dewaxed and rehydrated. The tis­
sue was treated with protease XXIV (Sigma Chemical 
Co., St. Louis, MO) at a concentration of 0.5 mg/ml 
H;,0  for 30 minutes at 37°G. After sedimentation, the 
supernatant was transferred and the nuclei were 
washed with phosphate-buffered saline and fixed in 
ethanol 70% (~20UC). These nuclei were pretreated 
following the indications of Arnoldus et a !!u with some
modifications. In brief, 10 mf of nuclei suspensions 
were dropped onto slides, air dried, treated with 1 
mol/L sodium thiocyanate at 80°C for 10 minutes, and 
washed with HP0. Digestion with pepsin (4 mg/mi in 
0.2 N HCI) was done for 10 to 15 minutes at 37,1G. 
Subsequently, slides were washed in H;>G and de­
hydrated. Frozen sections of five adenomas wore 
studied. The 6-mm sections were mounted in poly- 
L-lysine-coated slides and pretreated ac 
Hopman et al.u*
In Situ Hybridization
DNA probes were hybridized (in single- or double- 
target ISH) in hybridization solution containing 60% 
(v/v) formamide, 2XSSC (pH 7.0), 1% (v/v)Tween 20, 
and 10% dextran sulfate at a probe concentration of
1 ng/ml hybridization mixture. A 10-ml volume of hy­
bridization mixture was applied to the slide under a 
coverslip (15 ml in the case of frozen sections). De- 
naturation was performed at 70 to 80°C on a heating 
plate for 3 to 4 minutes for nuclei obtained from frozen 
material and 7 to 10 minutes for nuclei extracted from 
paraffin-embedded tissues. Hybridization was per­
formed overnight at 37°C. Post-hybridization w ash­
ings and immunochemical detection of hybrids were 
performed essentially as described previously. , l ‘ In 
cases of isolated nuclei, fluorescein-conjugatad avi 
din (Vector Laboratories, Burlingame, CA) and/or 
rhodamine-conjugated sheep anti-digoxigenin anti 
bodies (Boehringer Mannheim) were used to visual 
ize the hybridizing biotin-labeled and/or digoxigenirv 
labeled probes, respectivelys f Counterstaining of the 
isolated nuclei was accomplished with an antifado 
solution, supplemented with the blue DNA-spocific 
dye 4',6-diamidino-2“phenylin-dol0 (DAPI).IM Results 
were examined by epifluorescence microscopy. I or 
visualization of hybridizing biotin-laboled p rob or. on 
frozen tissue sections (ISH), the diaminoben/idino 
peroxidase method,11' which allows evaluation of the 
signals through transmission light microscopy, war. 
used.
£J
Evaluation of the FISH Method
Evaluation of results was done by counting at least 
200 nuclei per slide, as described by Hopman et al, 1!‘ 
without previous knowledge ol the results obtained by 
karyotyping. Whenever the hybridization efficiency 
was less than 80%, the experiment was repeated until 
that level was obtained. For both probes, the percent- 
ages of control nuclei containing one, two, or three 
spots per nuclei are shown in Table 1. In less than 2%
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Table 1. Hybridization Data o f the Co ntrol Sample (u  = 5)
Probe Nuclei examined 1
Number of spots per nucleus (±SD)
2 3
p7t1 191.6 9.2 ±  1,6 90.4 ±  1.6 0.4 ± 0.4
p«12H8 212.8 10.6 ±  2.1 89.0 ± 2.1 0.5 ± 0.4
of nuclei, no signal was detected. The percentage of 
cells with one signal (9,2 and 10.6% for chromosomes
7 and 12, respectively) can be explained by close 
juxtaposition or overlapping of two signals or by poor 
hybridization efficiency. The detection of trisomy in 
controls was rare (less than 1 % of the nuclei for each 
probe). We never observed four FISH spots in con­
trols. By definition, monosomy, trisomy, or tetrasomy 
are diagnosed only when the percentage of cells with 
one, three, or four spots, respectively, is greater than 
the mean + 3 x  SD of the controls.19 Accordingly, in 
our study monosomy was diagnosed whenever the 
percentage of nuclei with one spot was greater than
14 and 17% for chromosomes 7 and 12, respectively. 
Although we could consider trisomy if more than 2% 
of nuclei exhibited three spots, we preferred to follow 
the recommendations of Hopman et al20 and diag­
nosed trisomy or tetrasomy only if more than 5% of the 
nuclei showed three or four hybridization spots, 
respectively.
For the statistical analysis we used the x2 test with 
Yates correction and an analysis of variance 
(ANOVA).
Cytogenetic Study
Twenty goiters and thirteen thyroid follicular adeno­
mas of the present series had been previously stud­
ied cytogenetically, according to previously de­
scribed methods.7'10
Results
Tables 2 and 3 summarize the morphological as­
pects, flow cytometry, cytogenetic, and FISH findings 
for the 30 goiters and 28 thyroid follicular adenomas.
Goiters
For chromosome 7, we analyzed 28 of the 30 goiters 
as in 2 cases no signal was detected for that chro­
mosome. For chromosome 12, the whole set of goiters 
was analyzed. Figure 1 shows single-target FISH for 
chromosome 7 (A) and for chromosome 12 (B and D) 
and double-target FISH for both chromosomes (C) on 
the goiter sample. Polysomies of chromosome 7 were
observed in 3 of the 28 cases (10.7%); cases 5 and
15 presented trisomy in 6.5 and 65.5% of the nuclei, 
respectively, and case 8 presented both trisomy 
(6.5%) and tetrasomy (5.5%). In case 25, monosomy 
was found in 31.0% of the nuclei.
Numerical alterations for chromosome 12 were ob­
served in two goiters (6.7%). Case 12 presented 
trisomy in 9.0% of the nuclei whereas, in case 15, 
trisomie cells (26.0%) and tetrasomie cells (49.0%) 
were found (Figure 1D).
Case 15 presented numerical alterations for both 
chromosomes 7 and 12. Double-target FISH per­
formed in this case revealed three predominant cell 
populations; 17.0% of the nuclei were disomic for 
both chromosomes, 18.5% were trisomie for both 
chromosomes (Figure 1C), and 41.5% of the nuclei 
presented trisomy for chromosome 7 and tetrasomy 
for 12.
When comparing the histological appearance of 
the goiters (Table 2) with the presence of polysomies 
of chromosomes 7 and/or 12, a significant association 
was found between polysomies of these chromo­
somes and a major microfollicular histological pattern 
(P =  0.007).
Cytogenetic data were available in 18 of the cases 
studied by FISH10 (Seruca et al, unpublished data; 
Table 2). There were only two discrepancies between 
both methods. In case 25, monosomy for chromo­
some 7 was found only by FISH, and in case 12, tri­
somy for chromosome 12 was diagnosed only by 
FISH.
Fifteen goiters had been previously analyzed by 
flow cytometry (FCM)a1 (Table 2). Ten of eleven goi­
ters that were diploid by FCM had no numerical al­
terations detected by FISH whereas, in the remaining 
case, 9.0% of the nuclei were trisomie for chromo­
some 12. On the other hand, in case 2 with a DNA 
index of 1.1, no alterations of chromosomes 7 or 12 
were detected by FISH.
Thyroid Follicular Adenomas
Trisomy for chromosome 7 was found in 10 of the 28 
adenomas (35.7%) and, in 9 of them, additional cell 
populations with tetrasomy were also detected. The
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Table 2. Summary o f the Clinical, 1'loir Cytometric, Cytogenetic, and  FISI l  Da t a f  or Goiters
FISH analysis
Case/Sex/Age DNA i Number of cc^  - - * - . - t | .  - . . .  -■)-! - ■ ■■■■ -,T|-M 1 i r ! - » i M r r - ~ V
(years) Morphological aspect index Karyotype Material 7
l i  • *  T T
1 /F/40 Macro- h- microfollicular 1.00 ND F 2 2
2/F/60 Macrofollicular 1.09 ND F 2 2
3/F/27 Macrofollicular 1.00 ND F 2 2
4/F/35 Macrofollicular 1.00 ND F 2 2
5/F/53 Microfollicular 1.60 ND P 3 (6.5%) 2
6/F/43 Macrofollicular 1.00 ND F
i  *
2 2
7/F/29 Macrofollicular 1.00 ND F 2 2
8/F/55 Microfollicular 1.50 ND P 3 (6.5%) 2
4 (5.5%)
9/F/23 Macrofollicular 1.00 46.XX F 2 2
10/F/66 Macrofollicular 1.00 46,XX P 2 2
11 /F/68 Macrofollicular 1.00 46,XX F 2 2
12/F/72 Macro- -I- microfollicular 1.00 46,XX P N.S. 3
13/M/20 Macrofollicular ND 46.XY P 2 2
14/F/64 Macrofollicular ND 46.XX F 2 2
15/F/51 Macro- -I- microfollicular 1.50 ND P 3 (65.5%) 3
4 (49.0%)
16/F/43 Macrofollicular 1.00 46.XX P 2 2
17/F/29 Macro- + microfollicular ND 46.XX F 2 2
18/F/45 Macrofollicular ND m F 2 2
19/F/39 Macrofollicular ND NM P 2 2
20/F/58 Macrofollicular ND 46,XX P 2 2
21/F/24 Macrofolficufar ND 46,XX P 2 2
22/F/15 Macro- -f microfollicular ND 46,XX F 2 2
23/F/53 Macrofollicular 1.00 46,XX F 2 2
24/F/30 Macrofollicular ND 46,XX P 2 2
25/F/43 Macrofollicular ND 46,XX,del(2) P 1 (31.0%) 2
26/F/59 Macrofollicular ND 46,XX F 2 2
27/F/69 Macro- 4- microfollicular ND 46,XX F 2 2
28/F/42 Microfollicular ND 46,XX F 2 2
29/F/69 Macro- + microfollicular ND 46,XX F 2 2
30/F/49 Macrofollicular ND ND p NS 2
12
I I I ^ .. . 11, ƒ J’' ' I  Vt .  J' »,l\ .1 I.I* bl«.l
ND, not done; NM, no mutuphnnes obtained nflur culli ire; NS, No signal detected.
overall percentage of nuclei with excess copies of 
chromosome 7 ranged from 6.7 to 66.3% (Table 3). In 
Figure 2 we can see examples of disomy (A), trisomy 
(B, C, and D), and tetrasomy (E and F) for chromo­
somes 7 and 12 in the thyroid follicular adenomas.
Trisomy for chromosome 12 was found in 8 of the 
27 cases (29,6%) analyzed and, in 6 of them, addi­
tional cell populations with tetrasomy for chromosome 
12 were also observed. The percentage of nuclei with 
those alterations ranged from 6.7 to 71.3% (Table 3). 
FISH analysis of chromosome 12 was not successful 
(no signal obtained) in one case.
In all adenomas with numerical alterations for chro­
mosome 12, numerical aberrations for chromosome 7 
were also noted. Double-target FISH of four of these 
cases (cases 15, 23, 24, and 25) showed that, in all 
of them, there were nuclei that were polysomic for 
both chromosomes (Figure 2D).
The histological re-examination of all adenomas re­
vealed a major microfollicular component in 9 of the
11 adenomas with numerical alterations. In the other
2 cases, macro- and microfollicular areas were found. 
This difference was statistically significant (P -  
0.044).
In five thyroid follicular adenomas (cases 5,15, 21, 
27, and 28) ISH on frozen sections was also per­
formed. (Figure 3, A-D) Numerical alterations were 
found only in follicular cells. In four of those cases, the 
results obtained by ISH on frozen sections were simi­
lar to those found on nuclei suspension. Three cases 
(cases 5, 15t and 28) presented the same chromo­
some abnormalities and the other (case 21) was a 
normal one. Case 27 presented trisomy for chromo 
somes 7 and 12 in 6.7% of the nuclei, and no alter 
ations were found in frozen sections.
(*»
Cytogenetic data were tXMC<1 I I in nine cases
(Seruca et al, unpublished data). A good correlation 
between FISH and conventional cytogenetics was 
observed in seven of the nine cases studied by both 
techniques (Table 3). In five of these cases numerical 
alterations were not detected by any of the methods 
and in two cases (18 and 28) numerical abnormalities 
for chromosomes 7 and/or 12 were detected by FISH 
and conventional cytogenetics, although in case 28 
FISH revealed additional aneuploid clones. In cases
26 and 27 no abnormalities were detected by con­
ventional karyotyping, whereas by FISH trisomy and 
tetrasomy for chromosome 7 was found in case 26,
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Table 3. Summary o f  the Clinical ,  Flou> Cytometric, Cytogenetic, and  FISH Data fo r  Adenomas
..............-  ■ .......  Ml.......... I * , - ............ ........I I P ” '!» » ■ II I I > ,1
Cas e/Sex/Age 
(years)
DNA
FISH analysis
Number of copies
Morphological aspect
w a r » f
index Karyotype Material 7 12
1/?/? Macrofollicular 1.00 ND F 2 NS
2/F/45 Microfollicular 1.00 ND F 2 2
3/F/33 Macro- + microfollicular 1.00 ND F 2 2
4/F/37 Microfollicular 1.60 ND P 3 (30.2%)
4 (22.4%)
3 (28.4%)
4 (21.1%)
5/?/? Macro- + microfollicular 1.44 ND F 3 (36.3%)
4 (54.3%)
3 (22.5%)
6/M/28 Macrofollicular 1.00 ND F 2 2
7/F/38 Macrofollicular 1.00 ND F 2 2
8/F/13 Macro- -I- microfollicular 1.00 46,XX P 2 2
9/F/42 Microfollicular 1.20 ND P 2 2
10/F/61 Macro- + microfollicular 1.00 46,XX,t(1;5) F 2 2
11/F/69 Macrofollicular 2.00 NM P 2 2
12/M/28 Macro- + microfollicular ND 46,XY F 2 2
13/F/55 Macrofollicular ND ND F 2 2
14/F/48 Microfollicular ND ND P 3 (27.7%)
4 (31.7%)
3 (31,3%)
4 (28.4%)
15/M/53 Microfollicular ND ND F 3 (14.8%)
4 (66.3%)
3 (10.9%)
4 (71.3%)
16/F/31 Microfollicular ND ND P 2 2
17/M/39 Macro- + microfollicular ND NM F 2 2
18/F/60 Microfollicular ND 46.XX/69.XX* P 3 (28.0%)
4 (35.5%)
3 (26.5%)
4 (71.3%)
19/F/19 Microfollicular 1.00 NM F 2 2
20/F/45 Macrofollicular ND 46, XX p 2 2
21/F/61 Macro- + microfollicular ND 46.XX F 2 2
22/F/32 Microfollicular ND NM F 2 2
23/M/30 Microfollicular ND ND F 3 (12.7%)
4 (10.7%)
3 (8.8%)
4 (8.3%)
24/F/50 Microfollicular ND ND F 3 (31.8%)
4 (52.6%)
3 (30.5%)
4 (51.9%)
25/F/42 Macrofollicular ND ND 2 2
26/F/53 Macro- +  microfollicular ND 46,XX F 3 (27.9%)
4 (12.3%)
2
27/M/51 Microfollicular ND 46,XY Imm 3 (6.73%) 3 (6.73%)
28/F/35 Microfollicular ND 46,XX/51,XXI F 3 (40.9%)
4 (40.0%)
2
............< <J—fc
ND, not don©; NM, no metaphases obtained after culture; NS, no signal delected. ‘Several numerical abnormalities including \-7, + 7
■I* 12, + 1 2 ,
'Several numorical abnormalities including +7, +7 (no abnormalities ol chromosome 12).
and trisomy for both chromosomes 7 and 12 was 
found in case 27.
The ploidy of 12 adenomas had been previously 
determined by FCM.S1 In 10 cases (2 aneuploid and
8 diploid) a good correlation was observed between 
aneuploid DNA content (as assessed by FCM) and 
aberrations of chromosomes 7 and 12 (as determined 
by FISH). In the remaining 2 cases (9 and 11) a DNA 
index higher than 1.00 was detected by FCM, but no 
alterations were found by FISH,
Comparison between FISH Results in 
Goiters and Thyroid Follicular Adenomas
The statistical analysis of the results obtained by FISH 
revealed that adenomas had more frequently numeri­
cal alterations for chromosome 7 and/or chromosome
12 than goiters (P = 0.025 and P = 0.027, respec­
tively). There were no significant differences in the 
frequency of the cases with trisomies for any of the 
chromosomes studied (P > 0.05). When we com­
pared trisomy plus tetrasomy, a significantly higher 
frequency was found for adenomas with respect to 
chromosome 7 (P -  0.013). A similar trend was ob­
served for chromosome 12, although the level of sta­
tistical significance was not attained.
Comparison between FISH Results and 
the Proliferative Activity of the Cells
The S phase fraction had been previously measured 
by FCM in 15 goiters and 12 thyroid follicular adeno­
mas/"1 No significant difference (P> 0.05) was found 
between the S phase fraction of the cases with ab­
normalities of chromosomes 7 and/or 12 as detected 
by FISH and the remaining cases (data not shown).
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A D
C
Figure 1. Single- tun! doublo-iar^ct HSU on interjib use u u d e ifro m  tmnmiî a nd  chromosome abnormal goiters. A: Disomic nuclei fo r  cbromosontc 
7. B: Disomic nucleus for cb n u u tm in v  12, C: Nucfctts with (risoiny fo r  cbrtmmsunw 7 i in w een) and trisomy fo r  chromosome 12 (in  pink). D:
Kva/fifth* o f  M rasomy fo r  chromosome tJ.
Discussion
Cytogenetic information on benign thyroid lesions, 
especially on goiters, is very scarce. Technical diffi­
culties associated with the traditional cytogenetic ap­
proach may be partly responsible for this fact. FISH 
techniques carried out on interphase cells can over­
come the limitations of cell culture^“' and offer the pos­
sibility of analyzing a high number of ce lls.^
So far, the few available cytogenetic data on thyroid 
lesions point to the existence of frequent polysomies 
of chromosome 7 and/or 12 in some subsets of thyroid 
adenomas and goiters.''■m 
In this study, we have confirmed by in situ hybrid­
ization, using Isolated nuclei from either frozen or 
paraffin-embedded tissues and frozen tissue sec­
tions, the frequent occurrence of polysomies for chro­
mosomes 7 and 12 in thyroid lesions, as reported by 
conventional cytogenetics.
Our FISH analysis of chromosomes 7 and 12 re­
vealed a percentage of goiters with polysomies of 
these chromosomes (13.3%) in keeping with that 
found in the largest series studied by conventional 
cytogenetic analysis ( 14.2%)ln and with the fre­
quency of aneuploidy as assessed by FCM
( 10—14%). Only a few discrepancies between
the results of FISH and conventional cytogenetics or 
FCM were noted in our series (cases 2, 12, and 25).
In case 2 the DNA index was near diploid (1.1), which 
suggests that abnormalities of other chromosomes 
were probably present. Case 12 was considered dip­
loid by FCM most probably because an extra copy of 
chromosome 12 in a percentage of 9.0% does not 
entail detectable differences in total DNA content by 
FCM. This case was also diploid by conventional cy­
togenetics but, with the low number of metaphases 
analyzed, a low grade mosaicism might well remain 
undetected. In case 25 the discrepant results be­
tween conventional cytogenetics and FISH might be 
a result of preferential in vitro growth of the cell popu­
lation with two copies of chromosome 7.
With respect to adenomas, the percentage of 
cases with supernumerary chromosomes (33.3%) is 
significantly higher than that of goiters.
Also for adenomas there were a few discrepancies 
between the results by FISH, conventional cytoge­
netics, and FCM. It is noteworthy that these discrep­
ancies always consisted in the diagnosis of abnor­
malities by FISH not detected by conventional 
cytogenetics (cases 26 and 27) or in the identification 
of additional aneuploid clones (cases 18 and 28) by 
FCM. As conventional cytogenetics relies on the 
analysis of a relatively small number of metaphases, 
it is not surprising that clones poorly represented in 
the sample (case 27) may be overlooked by this
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Figure 2. Single- a n d  douhle-kirget FIS î l  un in te ¡phase nuclei front norm al m a l  chnumtsonie o tuuo ina i thyroidfolticnlar tnlenonuts. A: /HsimnV 
nucleus fa r  chromosome 7 (In  given) a n d  chromosome 12 ( in  (link). B; Trisum yfor chromosome 7. C: Trisomy fo r  chromosome 12. D: ikuthle- 
tnrgot FISH exhibiting trisomy for  chromosome 7 (in  green) a n d  trisomy fo r  chromosome !2  < in (¡ink). E: Tetrasomy fo r  chromosome 7. F; Tetra- 
somy for chromosome 12.
method. The possibility of selective in vitro growth of 
less represented cell populations and/or tumor het­
erogeneity with sampling of different areas for the 
analysis of FCM and FISH may also account for the 
observed discrepancies.
As it had already been demonstrated in other stud­
ies,26 our results further illustrate the usefulness of 
FISH techniques with repetitive chromosome-specific 
probes in the study of numerical aberrations in thyroid 
lesions, including paraffin-embedded tissues.
Recently it has been suggested that trisomies of 
chromosomes 5, 7, and 12 may be characteristic of 
a subset of thyroid follicular adenomas.1,7 These 
chromosome changes and the resulting alterations in 
gene dosage might represent early events in the 
pathogenesis of this group of thyroid lesions.7 As pre­
viously pointed out by Roque et alt 10 the same nu­
merical alterations may be found in benign lesions 
such as multinodular goiters.
Our FISH results on goiters and adenomas con­
firm the presence of polysomies for chromosome 7 
and/or 12 in both goiters and adenomas, although 
more frequently in the latter group. Moreover, the
percentage of nuclei displaying a specific numeri­
cal alteration is also usually higher In adenomas 
than goiters.
It is noteworthy that polysomies for chromosome 7 
and/or 12 were observed only in lesions with an ex­
clusive (or predominant) microfollicular histological 
component. To our knowledge, this Is the first report 
on the correlation between interphase cytogenetics
activation of the HAS oncogene only in microfollicular 
adenomas, thus supporting the view that oncogen­
esis and/or tumor progression of the two histological 
subtypes are probably associated with different ge­
netic mechanisms. As was pointed out by Herrmann 
and Lai ley,™ our results show the importance of in­
vestigating trisomies by double-staining techniques, 
ie, FISH combined with (immuno)histology and/or ISH 
or frozen sections, to determine whether the alter­
ations are restricted to a specific cell type,
These results further support the suggestion made 
on conventional cytogenetic grounds of a biological
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enomas.10 According to this assumption, adenomas 
would represent the selection (and clonal evolution) 
of aneuploid clones present in hyperplastic lesions. 
This is in keeping with studies of clonality of these 
lesions, showing that multinodular goiters are more 
frequently polyclonal than follicular adenomas.28-30
On the other hand, our finding of polysomies of 
chromosome 7 and/or 12 in 13.3% of goiters suggests 
that at least some of the nodules of nodular goiters are 
probably monoclonal, as recently demonstrated by 
Apel et al31 using molecular biology techniques.
as for useful suggestions and critical reading of the 
manuscript. The help of Prof. Anton Hopman in the 
optimization of the FISH protocols for tissue sections 
is gratefully acknowledged.
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